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TOM TAT

Trong bai bdo nay, chiing t6i trinh bay két qud nghién civu sw lan truyén xung trong soi tinh thé
quang tur duoc lam tir vdt lieu GeSe 2 -As 2 Se 3 -PbSe (GAP-Se) chalcogenide. Chiing toi su: dung
phzm’ng phap Slip - Step - Fourier dé gidi | phwong trinh Schrédinger phi tuyén tong quat nham fim
loi gidi cho xung ddu ra trong qud trinh lan truyén trong soi tinh thé quang zu. Két qud chi ra rang,
ddc tinh tan sac anh huong rdt lom dén ddc tinh ciia xung dau ra bao gom sw mé rong pho va tinh
on dinh ciia xung. Bang cdch sir dung nguon laser bom voi budc song A = 3500 nm, tan so 5 f=200
fs, va nang lwong bom E = 1.5 nJ, tu’ong ung voi cwong do bom P = 7.5 kW, néu thay doi dic tinh
tan sdc sao cho buée séng bom c6 thé dich chuyen tir viing tdn sdc thuong sang vung tan sdc di
thwong thi xung dau ra thu dwoc cé @ rong phé tang lén (twong vmg la 2600 nm va 7000 nm, khi
stk dung mot soi tinh thé quang tir c6 chiéu dai 10 cm). Tuy nhién, xung dau ra trong truong hop
nay voi dg nhiéu lém hon, va kém on dinh hon. Céc két qua nghién cieu la mot trong nhitng gidi
phdp givip thay doi déc tinh ciia xung dau ra iing dung cho cdc nguon sang pho siéu lién tuc.

Tir khoa: Soi tinh thé quang tir; Tan séc; Chalcogenide; Quang phi tuyén.
1. MO PAU

Soi quang tinh thé (Photonic Crystal Fiber (PCF)) trong nhung nam gan day di va dang nhan
duoc sy quan tdm déc biét cua cac nha nghién cau trén thé gioi boi nhitng vu diém vuot troi va
dugc tmg dung trong nhiéu linh vyre nhu truyén dan thong tin, k¥ thuat y sinh hay cac thiét bi cam
bién [1- 3]. Mt trong nhiing ing dung quan trong cua soi tinh thé quang tir 13 tao ra cic ngudn
sang phé phat siéu lién tuc (supercontinuum generation). Cac nguon sang nay dugc (mg dung rong
rii trong chup cét 10rp két hop quang hoc (y hoc), do luong tn sb, quang pho hoc [4].

Dbi véi cac nguon sang pho siéu lién tuc, dic tinh cta xung diu ra nhu d6 rong va tinh két hop
cao cua pho c6 vai tro quan trong trong cac ung dung thuc € [4]. Khi xung anh sang lan truyen
trong soi tinh thé quang tir n6 co the lan truyen bang hai phuong thire co ban khéc nhau. Déi véi
cac soi 161 dac, anh sang lan truyén theo co ché phan xa toan phan do chiét suat ving 15 16n hon
chiét suit vung vo [5]. Trong trudng hgp soi tinh the quang ttr 10 rong thi 4nh sang lan truyén theo
co ché giam giir viing cAm (band gap) do chiét suat cua viing 18i nhé hon chlet suat & vung vo [5].
Mat khac, qua trinh lan truyén xung anh sang ciing phu thudce vao nhleu yéu t6 nhu ddc tinh tan
sdc, vat liéu 1am soi va cac tham sO ctia nguoén bom. Trong cac yéu tb nay, dac tinh tan sdc 1a mot
trong nhing yéu t6 quan trong nhét quyet dinh dén sy mo rong phd va 6n dinh cta xung dau ra
trong qua trinh lan truyén [6]. Cac két qua da ching t6 rang, dic tinh tan sdc ctia PCF c6 thé duoc
thay doi bang cach thay doi do 16n cac tham s ciu tric nhu hang s mang A, dudng kinh 15 khi
(d) va hinh dang 15 khi. Nho sy linh dong trong viée sap xep 16 khi xung quanh 16i chay doc theo
chiéu dai ciia soi nén co thé diéu khién dé thu dugc tan sic phing, tan sic cuc phang hay c6 thé
dich chuyen diém tan sic bang khong [7]. Cung nho sy linh dong trong cach sap x&p cac 16 khi
nay, co ché lan truyén trong soi ciing c6 thé thay dbi dugc [8].
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Mot cach tiép can khac dé thay ddi d3c tinh tan sic la thay ddi vat lidu cua soi. DI véi phuong
phap nay, cach dién hinh 1a sir dung PCF lam tir thy tinh silica hodc st dung PCF thdm chat long
[9, 10]. Trong trudng hop s¢i PCF duge lam tr thuy tinh silica, pho ctia xung dau ra chi co the quan
sat dugc trong ving anh sang nhin thdy dén ving hong ngoai gan bai vi silica chi trong subt trong
vung budce song nh6 hon 2.2 um [3]. Hon nira, silica ¢6 d6 phi tuyén tuong ddi thap, vi vay, soi
PCF dugc lam tu silica y€u cau cac xung dau vao c6 cong suat cao dé c6 phd cia qua trinh lan
truyén xung rong. Mic di hé sd phi tuyén ctia PCF 15i silica c6 thé dugc ting cuong bang cach
giam dién tich hiéu dung 15i cta nd, nhung phuong phap nay s& dan dén nhitng khé khin trong viée
ghép anh sang. Cach tiép can thu hai 1a sir dung PCF thim chit 1ong [11-12]. Khong giéng nhu
silica, mot sO chét long ¢6 dd phi tuyén cao (co6 thé 16n hon silica 100 lan) va c6 do trong sudt 16n
trong dai hong ngoai gan vi du nhu carbon disulfide (CS2) [13], carbon tetrachloride (CCls) [14].
Ngoai ra, chit 1ong ¢6 thé dwoc tron 1an dé tdi wu hoa tinh chit quang hoc va qua trinh lan truyén
xung duoc tao ra c6 thé duoc kiém soat bang cach diéu chinh nhiét d6 hoic ap suit [12]. Tuy nhién,
nhitng chat 1ong co chiét suat phi tuyén cao thi c6 ddc tinh cao, co thé giy ung thu va dé né [15].

Mot giai phap khac co thé thay thé ma thu duoc hiéu qua tuong ty 1a sir dung cac vat liéu thay
tinh mém c6 do phi tuyén cao nhu fluoride [16], tellurite [17] hodc chalcogenide [18]. Trong khi
thuy tinh fluoride va tellurite déu chi trong sudt ddi v6i budc song ngin hon 5,5 um nén ching bi
han ché str dung cho cac ung dung & budc song dai hon thi chalcogenide c¢6 pham vi truyén rong
hon (trén bude séng 20 um) va co d6 phi tuyén cao hon so vai cac loai thity tinh mém khéc [16].
Do dic tinh phi tuyén tinh cao, PCF lam tir chalcogenide c6 thé tao ra xung lan truyén voi bang
thong rong. Véi chiéu dai soi twong ddi ngdn va cong suat bom thip, chalcogenide thich hop dé
lam vt liéu chu ché tao dng dan song hon hau hét cac vat liéu khac. Ngoai ra, loai thuy tinh nay
c¢6 thé chong lai su két tinh sau nhiéu budc cia qua trinh nhiét, cho phép sir dung k¥ thuat xép
chdng dé ché tao soi quang [19].

Trong bai bao nay, chiing t6i trinh bay két qua mé phong sé khi nghién ctru anh hudng cta dic
tinh tan sic 1én qua trinh lan truyén xung trong soi tinh thé quang tir Iam tir chalcogenide GAP
chalcogenide. GAP-Se chalcogenide thé hién cac dic tinh quang hoc vuot troi, bao gdm chi sb
khtc xa phi tuyén cao nz = 71,4.102° m¥W & A= 3,0 um [8] va c6 do trong sudt 16n trén mot pham
vi bude song rong tur 1 dén 12 um. Ngoai ra, véi kha nang t6i vu hoa kha ning chong két tinh ciing
nhu d6 6n dinh nhiét sau cac qué trinh nhiét nhiéu giai doan trong phuong phép xép chdng [20].
Nhitng diéu d6 lam cho GAP-Se chalcogenide tro thanh tmg ctr vién sang gia trong viéc lya chon
moi trudng lan truyén cho soi tinh thé quang tir. Trong truong hop nay, dau tién ching t6i st dung
phan mém MODE Solution dé thiét ké soi tinh thé quang tir dwoc lam tir GAP-Se chalcogenide
v6i 06 vong 16 khi & 16p vo. Tiép theo, chung t61 str dung phuong phap Slip-Step- Fourier dé giai
phuong trinh Schrédinger phi tuyén tong quat (GNLSE) tim 10i giai cho xung dau ra, tir do khao
sat sy lan truyén xung trong soi tinh thé quang tir véi su thay doi cta dic tinh tan sic.

2. NOI DUNG CAN GIAI QUYET
2.1. Co sé 1y thuyét

Qué trinh lan truyén xung 4nh sdng trong méi trudng dién méi (trong soi tinh thé quang tir) c6
thé thu duoc tir hé phuong trinh Maxwell:
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130 L. V. Hi¢u, ..., H. D. Quang, “Nghién ciru dnh huéng ... GeSez-As:Ses-PbSe chalcogenide.”



Nghién ciru khoa hoc cong nghé

Trong do, E 1a vecto cuong do dién truong, H 1a vecto cuong do tur trudng, B la cim ung tur, D
la cam Ung dién, P 12 momen ludng cuc dién trong don vi thé tich (d6 phan cuc dién) va M 1a
momen ludng cuc tir trong don vi thé tich (d6 phéan cyc tr).

Trong truong hop cudng do 16n, phurong trinh song lan truyén trong soi quang c6 thé thu dugc
dudi dang:

1 92E(# 1) 92B(#, 1)
— Ho (7)
ot? ot?

Trong trudng hop tong quat, nghiém cua phuong trinh (7) c6 thé duoc biéu dién dudi dang
phuong trinh GNLSE duoc biéu dién nhu phwong trinh (8):

VxVxE(rt)——C—

iA(z, t) = —A(z t)
0z

k1 k °
Zﬁk aA(zt)+y(1+_ai)<A(zt)f R(tIA(z, t —t")]? dt) Y

Trong do, a 1a 46 mat mét, B, biéu thi do tan sic bac k, va hé s6 phi tuyén ¥ duoc xac dinh
bdi phuong trinh:

_ Nawg
N CAeff (9)
Ham Raman R(t) duoc biéu dién dudi dang:
R(t) = (1 = fr)6(t) + frhgr(t) (10)
fr thé hién mot phan déng gop cua R(t) trong d6 phan cuc phi tuyén Py Ham hg(t) dic trung
tan xa Raman va dugc mo ta boi:
2 .2
1 + 15 ( t ) . ( t )
hp(t) = —— —— 11
o0 == e (- )sin (-~ (1)

Dé giai phuong trinh (8), chung t6i str dung phuong phép Slit-Step-Fourier (SSF) hay con goi
la phuong phap tach ghép. Phuong phap nay dugc sir dung dé giai phuong trinh Schrodinger phi
tuyén tong quat nham tim 16i giai cho xung dau ra trong qua trinh lan truyen trong soi tinh thé
quang tir. Bé hiéu dugc co ché cua phuong phap nay, phuong trinh (7) ¢6 thé duoc biéu dién lai
dudi dang:

0A(z,t) . g ! d
_ _ —Nein(—— 12
o (D + N)A(z, t)hg () 2 exp ( T2> sin ( T1) (12)

Trong d6, D 1a toan tir tuyén tinh dic trung cho su tan sic va hap thu trong méi truong tuyén
tinh; N 1a mot toan tir phi tuyén dic trung cho anh hudng cia cac phi tuyén soi 1én xung truyén. Cac
toan tir nay dugc dua ra theo cong thirc sau:

k 1 qk
_ ——A(z £ — Zﬁk 9 A(Z 2 (13)

N =iy (1 +_00_ (A(z t)j R(tHIA(z,t —t |2) (14)

Dé giai phuong trinh (13) va (14), theo phuong phap SSFM, ta gia sir hai toan tir D va N thoa
man hé thuec:
A(z + h,t) ~ exp(hD) exp(hN) A(z, t) (15)
Béng cach sir dung tién gia dinh bén dudi ddy, toan tir ham mii exp (hﬁ) c6 thé duge danh gia
trong mién Fourier:
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exp(hD)A(z,t) = F~texp|hD (iw)|FA(z, t) (16)

Trong d6, F biéu thi hoat dong bién doi Fourier va w 1a tan s6 trong mién Fourier, D (iw) dugc
xac dinh nhu sau:

D(iw) = F{D} = —ZA(z.0) - Z ﬁk—(l(u)k (17)

D6 chinh xdc cua SSF theo (15) co tl}e duogc cai th1¢n bang cach ap dung mét quy trinh khac dé
truyén xung quang qua mot doan tir z dén z + h. Phuong trinh (5) tré thanh:

A(z + h,t) = exp (gﬁ) exp <f2+hﬁ(z’)dz’> exp (gﬁ) A(z,t) (18)

Phuong trinh (18) cho phép xac dinh dang ciia ham A(z, t). Néu h 1 du nho, toan tir phi tuyén
duoc lay xap xi theo biéu thic:

Z+h
f Rz ~ 20 + Nz + ) (19)

Biéu thirc cudi cuing caa A cho biét hinh dang cua xung trong qué trinh lan truyén.
2.2. Céu tric soi tinh thé quang tir

Dé nghién ctru anh huong cta do tan sic 1én xung dau ra ciia soi tinh thé quang tir, chiing toi
gid str soi dugc lam tir GAP-Se chalcogenide c6 cau trac dugc minh hoa nhu hinh 1. Cau tric cia
s¢1 bao gdm sau vong 10 khi trong 16p vo dugc xac dinh bdi hang s6 mang A, duong kinh 16 khi d
va hé so lap day = d/A.
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Hinh 1. (@) M6 hinh PCF véi mat cdt ngang cia soi;
(b) Chiét suat tuyén tinh ciia GAP-Se chalcogenide.
PCF dugc thiét ké tir vat liéu GAP-Se chalcogenide ¢6 chi s6 khuc xa phi tuyén rat cao va pham
vi truyén dan rong. Chi so khic xa tuyen tinh cia GAP-Se chalcogenide theo phuong trinh
Sellmeier phu thugc budc song (A tinh bang pm) dugc dua ra dudi day [18]:

28.563512 10.478242
20.6611

(20)

A2 (02312)% T A2 = (90.4186)?

béc tinh tan sac 12 mot yéu td quan trong quyét dinh cac thanh phan phd khéc nhau cta xung

truyén & cac van toc pha khac nhau qua soi. Hi€u tng tan sic xdy ra khi van toc pha cua song

(xung anh sang) thay d6i theo budc song (tan sd) trong qua trinh lan truyen trong moi trudng dién

moi. Dleu nay dan t6i do tré cua cac song khi di ra khoi méi truong. Biéu thirc tan sic mau theo
chiét suét hiéu dung nesr dugc dua ra boi phuong trinh:

2d%n 1

D(4) = NPT (21)
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trong d6 A 1a budc song va ¢ 1a toc dd ciia chan khong anh sang.
Khi m6 phong, chung t6i str dung pl}an mém Lumerical Mogie Solution dé thuc hién thiét ké va
phan tich anh hudng cua dac tinh tan sac lén qua trinh lan truyén xung trong PCF.
3. MO PHONG, TINH TOAN, THAO LUAN

3.1. Diéu chinh tan sic trong s¢i tinh thé quang tir
Dé nghién ctru anh huong cua cac tham sO cAu trac 1én didc tinh tan sic trong soi tinh thé quang
tu, chiing t6i da xem xét sgi tinh thé quang tir lam tir GAP-Se chalcogenide vai hang s6 mang thay
doi tir 2.0 um sang 3.0 um véi bude nhay 0.5, hé so lap day f thay doi tir 0.4 dén 0.7 véi budce
nhay 0.05. Trong moi truong hop, ching t6i da tinh toan cho dac tinh tan sac trong ché do lan
truyén co ban nhu mét ham ctia bude séng trong pham vi 1.5 - 10 um. Bang 1 thé hién cac tham
s0 cau truc thay d6i trong soi tinh thé quang tur.
Bing 1. Tham s6 cdu triic ciia soi tinh thé quang tir dwoc sir dung trong mé phong.

A=2.0um
d 0.8 0.9 1.0 11 1.2 1.3 14
d/A 04 0.45 0.5 0.55 0.6 0.65 0.7
A=25um
d 1.0 1.125 1.25 1.375 15 1.625 1.75
d/A 0.4 0.45 0.5 0.55 0.6 0.65 0.7
g | e | B
é of f=05 um E
£ f=055 um E-mo'
:LE.’ZDD | \% §.-250-
[n] 00l 1 300

’ ’ ) Bu’(')’css()ng [,uam] ! ’ ’ ’ ’ ) Bué’cﬁséng [[L:'l] ! ’ ’
Hinh 2. Bdc tinh tan sdc ciia mode co ban cho cdc hang sé mang va hé so ldp dady khdc nhau.

Hinh 2 m6 ta déc tinh tan sdc cua soi tinh thé quang tir voi su thay d6i hé so 14p day f tai cac
hang s6 mang A = 2. O umva A =25 pum. Két qua cho ta thay rang, do tan sic trong soi tinh thé
quang tu phu thuge rat 16n vao hang sO mang A va h¢ so lap day f cua soi. Khi hang s6 mang
khong thay ddi, viéc ting hé s l1ap day dan dén khong chi tang do phang cua dudng cong tan sac
ma con tang bang thong ctia no. Noi cach khac, viée giam hé s6 14p day lam cho su tan sdc ngay
cang phang hon va cudi cung tré nén don di¢u. Hon nira, cac bude song tan sic bang khong dich
chuyén theo hudng budce song nho hon khi tang hé s6 l4p day. Vi du, khi hang s6 mang A = 2.0
um va hé sb 14p day £= 0.5, budc song tan sic bang khong 1a A= 3.9 pm, trong truong hop £= 0.6
thi budc song tan sic bang khong 1a A = 3.45 pm.

Hinh 3 mo ta déc tinh tan sdc cua soi tinh thé quang tir v6i su thay ddi ctia hang s6 mang tir
2.0 ym den 3.0 um véi hé s6 lap day khong d6i f=0.6. Két qua cho thay, v6i mot f nhat dinh, dic
tinh tan sac dich chuyen tur vung tan sac thong thuong sang vung tan sac di thuong va bang phang
hon khi ting hing sé mang. Trong truong hop ndy, budc song tan sic bang khong dich chuyén
theo hudng budc song dai hon.
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Hinh 3. Pdc tinh tan sdc ciia mode co ban véi hé sé lap ddy nhat dinh
va cdc hang so mang khdc nhau.
3.2. Anh huéng ciia dic tinh tan sic 1én xung dau ra trong soi tinh thé quang tir dwoc lam tir
GAP-Se chalcogenide

Trong truong hop nay, chung 61 str dung phuong phap Slip-Step-Fourier de giai phuong trinh
GNLSE va tim 16 giai ciia xung dau ra trong qua trinh lan truyén. Cac tham s6 duoc _chiing tdi sur
dung: soi tinh thé quang tir c6 chiéu dai 10 cm, xung dau vao la xung Gausian véi tan s6 f = 200
fs, nang luong xung bom c6 gia tri E = 1.5 nJ, trong Gmg voi cuong do bom P = 7.5 kW, tai bude
song bom A = 3500 nm. Ching t6i lya chon cac tham s6 nay boi vi cac gid tri nay co thé duoc tao
ra tir cac ngudn bom laser & trén thi truong c6 hién nay ching han nhu ngudn laser Er- ZBLAN.
Mit khac, sir dung budc séng bom A = 3500 nm c6 thé nghién ciru cho hai viing tan sic hoan toan
khac nhau twong ung hai truong hgp A = 2.0 um véi £=0.5 va f=0.6.

Hinh 4 m6 ta dac tinh xung dau ra va tién trinh mo rong phd ciia xung doc theo chiéu dai lan
truyen khi str dung budc song bom A, = 3500 nm trong truong hop do tan sac tuong rng voi hang
s6 mang c6 gia tri A = 2.0 pm. Trong trudng hop ndy, dudng cong tan séc cit truc hoanh tai diém
¢6 budc song A = 3300 nm, Vi vay, budc song bom duoc st dung trong ving tan sic di thuong.
Qua trinh mé rong pho cua xung dau ra s& chiu trach nhiém chinh boi dong luc hoc soliton vi du
nhu sy phan hach soliton (soliton fission), su tu dich chuyén tan sé [3, 20]. Tuy nhién, trong truong
hop nay bai vi sgi c6 budc song tan sic bang khdng gan voi bude sdng bom, vi vay, tai nhitng mm
dau tién cta soi (nho hon 1.0 cm), qua trinh ma rong phd cua xung dugc chi phdi bai hiéu wng phi
tuyén tu diéu ché pha (self-phase modulation (SPM)). Dbi v6i sy mé rong phd v6i ving bude song
16n hon budc séng tan sic bang khong, hiéu Gmg song phén tan (dispersive wave) dong vai tro
quan trong trong viéc md rong phd cua xung dau ra, duoc mé ta nhu hinh 4 (b).
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H\In7h 4. (a) Pdc tinh xung dau ra, (b) va tién trinh mé réng phé ciia xung dau ra trong si tinh
thé quang duoc lam tir chalcogenide GAP-Se chalcogenide trong truong hop budc séng bom
3500 nm nam trong vung tan sac di thuong.
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Hinh 5 mo ta tién trinh mo rong pho clia xung dau ra doc theo chiéu dai cua soi trong truong
hop tan sac cua sQi tuong Lrng v6i hang sb mang A = 3.0 um. Trong trudng hop nay, soi c6 buéc
s6ng tan sic bang khdng co gia tri A2 = 4050 nm, 16n hon budc song bom ctia nguon. Nhu vay,
trong truong hop nay, budc song bom nam trong ving tan sic thuong. Tai nhitng khoang cach dau
tién cua qua trinh lan truyén (nho hon 2 cm), sy Mo rong phd la nguyén nhan gay boi hi¢u tng
SPM. B¢i vi anh huong Clia dac tinh tan sac (do doc cua tan sic), phé mé rong khong dol Xtng
ddi véi cac bude song ngian hon. Cac budc song ngin duoc tao ra bai hiéu tng SPM nam trong
viling tan sic thudng va truyén di cham hon so voi thanh phan budc séng gan tam xung. Su chong
chéo giira cac thanh phan cham hon sé tao ra cac budc song mai nho higu tng tron bén séng (four-
wave-mixing (FWM)) théng qua qua trinh d6 vé ham song nhur duoc mé ta trong hinh 5 (b).
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Hinh 5. (@) Dac tinh xung dau ra, (b) va tién trinh mé réng phé cia xung dau ra trong soi tinh
thé quang dwoc lam tir GAP-Se chalcogenide trong truong hop budc song bom 3500 nm nam
trong vung tan sdac thuong.

Hinh 6 so sanh dic tinh cta xung dau ra véi chiéu dai lan truyén 10 cm cua sgi tinh thé quang
tr duge lam tir GAP-Se chalcogenide khi déc tinh tan sc thay d6i. Két qua cho thiy rang, dic tinh
tan sac trong soi anh hudng rat 16n dén dic tinh cua xung déu ra bao gom ca sy mo rong pho va
tinh 6n dinh cta xung. Cu thé, trong trudng hop hing sé mang c6 gia tri A = 2.0 pm, xung dau ra
thu duoc voi do rong pho I6n hon rat nhiéu khi so sanh véi truong hop A = 3.0 um. Tuy nhién,
xung dau ra trong truong hop nay véi do nhidu 16n hon, va kém 6n dinh hon. Nguyén nhan cia
hién tuong nay 1a boi vi, khi thay ddi dac tinh tan sic da din t6i bude song bom trong hai truong
hop khéc nhau (dich chuyén tir viing tan sic di thuong sang viing tan séc thuong), vi vay, dan téi
co cheé mo rong pho ciing khac nhau. Ban dau, ¢ nhitng khoang cach truyen dan dau tién, qua trinh
mé rong phd trong ca hai truong hop déu do hiéu tng tu diéu ché pha gay ra. Tuy nhién, khi
khoang cach lan truyén xa hon, qua trinh mo rong phd trong hai truong hop da do céac hi¢u ang
khac gay ra. Déi véi truong hop A = 2.0 um, thi hiéu ang phi tuyén chinh gay ra qué trinh mo
rong pho 1a hiéu tng phan tach soliton va hi¢u g song phan tan. Trong khi do, trong truong hop
A = 3.0 um thi hiéu tng phi tuyén chinh chu yeu gay ra qua trinh mé rong pho Cla xung dau ra ¢
nhiing khoang céch dai 12 bai hiéu eng tron bon song théng qua qua trinh d6 v& ham séng.

-20 v

A=20pm
A=30pm

-40 -

-60 -

80 -
2600 nm

-100

Cwong do (dB)

7000 nm

-120

140 | | | | | ! |
2000 3000 4000 5000 6000 7000 8000 9000
Bwéc song (nm)

Hinh 6. Xung dau ra voi cac gia tri khdc nhau cua dé tan sac.
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4. KET LUAN

Trong bai bdo nay, chung t6i str dung soi tinh thé quang tir dugc lam tr GAP-Se chalcogenide
v6i 06 vong 16 khi & 16p VO dé nghién ciru anh huong cua déc tinh tan sc lén dic tinh ciia xung dau
ra trong qua trinh lan truyen Pau tién, chiing toi nghién ctru anh hudng cia cac tham so cau trac
nhu hang s6 mang, hé s6 lap day lén dic tinh tan sic ctia soi tinh thé quang tir. Cac két qua chi ra
rang cac tham s6 cAu tric cua soi tinh the quang tur anh hudng rat 16n t61 déc tinh tan sac cua no.
Khi giam hé sb lap day hay tang hang s6 mang dan dén dic tinh tan sic dich chuyén tir viing tan sdc
thong thuong sang ving tan sac di thuong va ngay cang phang hon, cubi ciing tré nén don diéu.

Tiép theo, chiing toi nghién ctru anh huong déc tinh tan sdc 1én dic tinh cua xung dau ra. Chung
t6i sir dung mot soi tinh thé quang tir co chiéu dai 10 cm, xung dau vao 1 xung Gausian véi tan so
f =200 fs, nang lugng xung bom ¢6 gié tri E = 1.5 nJ, twong Gmg voi cuong do bom P = 7.5 kW,
tai budc song bom A = 3500 nm. Két qua chi ra rang, dac tinh tan sdc anh huong rat 1on dén dac
tinh ctia xung dau ra bao gdm su mé rong pho va tinh 6n dinh cua xung. Néu thay dbi dac tinh tan
sdc sao cho budc séng bom c6 thé dich chuyen tir viing tan sac thuong sang ving tan sic di thuong
thi xung dau ra thu duoc c6 do rong phd ting 1én (twong tng 13 2600 nm va 7000 nm). Tuy nhién,
xung dau ra trong truong hop nay véi do nhidu 16n hon, va kém 6n dinh hon. Nguyén nhén cua
hién tuong nay 13 boi vi khi thay ddi dic tinh tan sic da dan toi co ché mé rong phd khac nhau
trong qua trinh xung lan truyén. Cac két qua nghién ctru nay s& 1a mot trong nhiing giai phap giup
thay d6i dic tinh ctia xung dau ra ing dung cho cac ngudn sang phd siéu lién tuc.
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ABSTRACT

Influence of dispersion properties on pulse propagation
in GeSe2-As2Se3-PhSe chalcogenide photonic crystal fibers

In this paper, we present the results of a study on pulse propagation in photonic crystal
fibers made from GeSe 2 -As 2 Se 3 -PbSe (GAP-Se) chalcogenide. We employ the Slip-
Step-Fourier method to solve the general nonlinear Schrodinger equation, seeking solutions
for the output pulse during the propagation in the photonic crystal fiber. The results indicate
that the dispersion properties significantly influence the characteristics of the output pulse,
including spectral broadening and pulse stability. Using a photonic crystal fiber with a
length of 10 cm, where the input pulse is a Gaussian pulse with a frequency of f = 200 fs,
pump pulse energy E = 1.5 nJ, corresponding to a pump intensity of P = 7.5 kW, at a pump
wavelength . = 3500 nm, if the dispersion properties are adjusted so that the pump
wavelength can shift from the normal dispersion region to the anomalous dispersion region,
the obtained output pulse exhibits increased spectral width (corresponding to 2600 nm and
7000 nm). However, the output pulse, in this case, is characterized by higher noise and
reduced stability. The research findings present a viable solution for modifying the
characteristics of output pulses applicable to supercontinuum light sources.

Keywords: Photonic crystal fiber; Dispersion; Chalcogenide; Nonlinear.
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